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(54) PHOTONIC CRYSTAL STRUCTURE AND MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To solve a problem such 
that it is difficult to make a circuit only with a three- 
dimensional photonic crystal when constituting an 
optical circuit with a photonic crystal, and containment 
becomes insufficient with a two-dimen sional photonic 
crystal. 

SOLUTION: The problem is solved with a photonic 
crystal structure in which a first three-dimensional 
photonic crystal 1 7, a two-dimensional photonic crystal 
1 4 and a second three-dimensional photonic crystal 1 7 
are laminated, and with a manufacturing method for 
forming the three-dimensional photonic crystal by 
laminating alternately layers whose refractive index are 
different and for forming the two-dimensional photonic 
crystal by applying processing of a two-dimensional 
periodic structure with the lithography. The problem that 
it is difficult to make a circuit only with a three- 
dimensional photonic crystal when constituting an 
optical circuit with a photonic crystal, and containment 

becomes insufficient with a two-dimensional photonic crystal is solved because the three- 
dimensional photonic crystal is formed in the front and rear surfaces of the two-dimensional 
photonic crystal. 
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[filfc^S] ^-^3^5t:7^ h-y^jfal 7, 2 

08 £*S/&-f S »£K 3 Jfc 5c 7 * h = y**£,fta>*-Cli 
5r <b^T*#5 0 
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1 

■7*v~v?m&s n-<D3&ji7* h-y?&&zm 

Jif is© 

= 

mmii<Dxm^£z>m%i&&ft-rz>- t^mmt-t sit 10 
2 Brno -7*v=.y? m&mm 0 

a. 

[»**6] 2&7cJi a $M£ff^L7cg&±^ 2 

y y^77^l;ii) 2&7c<D^$lff3t©3rax£J£L 
ro2ft5cJS»H(Htw±K:2fKB«±ojfflJff*oJI*5 

jtS:^Ufc2ft3£7* H = y**gfi«i6fcJBj*"*-<5X 30 
ro«i5©2ft^»lttlJt±Jc2WRK±©H*f#i 

S> ? ^ H B a »fi!t5Ig, r © 3 &5c7 * h = 5> * £ 
S«&JbM. «X©S«*-K»t5XS % buI2^-oSS 

SO 2&5cE8l*ii£ 2SIKi«D|gPoI/i5TO 

fM1"5xa. SrStf 7* Y=-vt%i 

[mxm.8] iftmsfrTty* v-? 40 

-k) laotf^n: <t^#^^i-5ts*^7xi± 
s fa«© 7 it y ^ v v fe&mmvfrmmo 

[0 0 0 1] 
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[0 0 0 2] 

K*it£ kzzk <bixT& <o , 

[0 0 0 3] Z(DX 5 47* h = y^M©*fflttttH 
Cftl 9 8 7ft:Yab I onovi tchl:J;l3, 3 

tiifeS^iriS-C^StV^fttt (E. Ya b l o n o 
vitch, Phys. Rev. Lett. 58205 
9 (1 9 8 7) ) K,fc«mg Six5«fc5Kftofc. • 
[0004] 3&5c7* h = y*fgfitti>-7*$*n>© 

[0 0 0 5] ft*W*2Stg»3*7c7* h-y^^al 

v Kl trffiftSr^flW^Jtrfe Uttf&9 O^IhJ^LT 

5 0 rw*itfiW^P-r^^ft««:Jt^Lfc*ffi (S 
— Y.Lin et al.,Nature394, 2 

5 1 (1 9 9 8)) -^^SSDtttt^li^ig-r^fc 
(S. No d a et a 1. IEEE J. Li gh 
twave Technol. LT1 7, 1 9 4 8 (1 
9 9 9) ) liiotf^^f,iitv^^\ ffSlg 
tt£ITca»oxg8:as#< , #Xglc*3V>-c]Efil^a 

[0 0 0 6] wft^ftSfmS^LT, HDfeiCiai 

6 (a) l^1-2*7cjgjSj»2S:fmLfcSfi3±^ 

s^Rm$©n*5a4, 4' srsm-ts^ic^m 

16 (b) l^i-3*5cJ^»jfll5i«:^K-r5, t^oU 
^©^-ftgfrfiYa blonovi tchiS 
1 9 8 7¥©^©Sn5:-C*mMLT^fc^, ii^Oftl 

[0 0 0 7] L^L, ^Oi/W777^5/^©#tW 
K fcffiv^ r. i: Id J; •? 

Srfflv^3^5cJ139l#lii©^»^«§snfc (s. Ka 

wakami, Electronics Letter 
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s 3 3, 1 2 6 0, 1 9 9 7) „ 2 &7cJ!#H#i£6 # 
^J*$fLfcS«7 (1118(7) (a) ) ±fc, 
fif*- K-e^S^BK8©aS4rfT5 fcHl 8(0 (b) 
tC^-t «t 5 tfi C£©g& 7(D2 »3cS3W»ig 6 

[ooo8] tf, 2&7tmMKffii£&y yyyyjR 

MoiCS i/S i 0.©£:5j»g»ii$:£E* n- 

[0 0 0 9] fttCifclffc^&tUt^Tig^ 

«JI*fi ft A # ft y < ±X<Djffa \zs< 

[0 0 10] 2^7^- h = 119 

<D (a) , (b) , (c) l^ti9l:!Jy^7 7^C 

±5vx^/^-y9^^xlgtt©a^K7^x 7 

y y^77^£5^;*^^->-9 (HI 9 

O (a) ) , lilCxyfy^LtilKlO^t 
5 (019© (b) ) fci<b£ % -TX^^-yg^H 
£LT, 119© (c) ©2&7c7*- Y~y 

ho *fciai9 (a) , (b) i~ifegk<Dwmm. 019 
( c ) <D±.mit®mms Tmiz¥mmxhz> 0 

[0 0 11] Ek±.<D£ ?ft#&T*2&7n.&tf 3ft?t©7 

[0 0 12] K^yT^M^fc?* H = s/^^ H B B 

ftKl l^J#£ix (13 2 0 0 (a) ) , j£fcPfe£fER 
^5£t©^#(-ft^C&tok;ft/r*ig3§l 2#Jgj£ 
£ft-5 (02-00 (b) ) 0 

[0 0 13] :«J: ?iatifi!c$ix5i^i l-^* 

[0014] 0 2 0© (c) [Zl^i-«t 3 ft 2 &5cjE;fr» 
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asfttttf-jflw J: D/T$tltW5 (Me k i s e t a 
1. Phys. Rev. Lett. 77, 3787 (l 
9 9 6)). pft?* h=-y?M*P O^PfelCt 

*ve*i©*# ^-fcx-#5fcfe. Is]&©f- 

[0 0 15] 5ftft[eI&©/hSC£a* a a L.f::l§ 

[0 0 16] j§^«^x/<W^T't3fcx^^T* 

e>, iHi^i»fi£s^fi2^7E7^- y-yt^x-mm^. 

T*fe5 0 2^7^- h-y ^je H B B{i3^7c7^- Y=-yP 

[ 0 0 1 7 ] M e k i s ^W&fitMf-CHaSW* 2 * 

h = -7^g| 9 14©i^^t6 (02 1). Lfr 

^ ro^P T&MX-tmi- 5 fc ft 2 &7C ffi fCfiiE^iRi 

ft V v 7 ^- h = y 9 t li^^-T r i *s f # ft I \ 

[0 0 18] tO«t 5ft^TlSJl^<07^ h-y>7^ B T* 
^S6l-0te«:f^5fc*lci±±T©H! CiAfcHtiiSr <!;* 5 i" 

7t2^7c7^- h = -y^^f H T'fi2^7c7^ h--y^^ a H a 
1 4©±T^^S i 0^©I1S$TO1 5T'R 

hft^y-fm.<om^k^x\^m^^ (02 

2) . ftfc\ 1 6fl^ft:S«-Cfc5. 

[0019] *ttftaiH#&K-cttr.©^7^S©2»: 

^7cSrt-0^fi^f5*S2^7c®^f)^nfc^fS] 

fcftCftlli Lt©WfiTttU*5. 
[0 0 2 0] 

^»ft©*-eiiB»Srf^Oiitfrt*SHIl'efc*J, 2i^ 
7C 7 * h = 5/ ^ ^ H B a X \m C ii * # ^+5^ I- ft -5 k V * 5 

[0 0 2 1] 
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5E7* Y-ytfegB. 2fr?i.7±Y-V'P&M*, 

[0022] st, *&m\zzz>7* h-y?%Miffim 
(Dimwit, 2^7tmmmmt:wm^tzmm±\^ 2m 

Uy/77^iao 2&7l<nmWMik<DMT.ZMVX 2 

2&7tffimmm.(D±.\^2mm&±.<»mtfm<D%tj:z>vs® 10 

[0023] $^t*isia^zro7^hn y ^^ 
H B atfigo^&fi, m-<Dg^±t, yy^77^ia 
t> 2®.K.<nnmmm.<DtinT.zM^x ^ mum^2^m 
wmm£i&f&Ltz.2fr7f7* h=v?8i£kmmzBj$.-t 

iff$c^ft5TO££S^l1-5;L<tlcJ;9 3^:7* 
Y=-vt m&mmtfc-fZ TM, :©3 &tc7 *Y~v 

[0 0 2 4] *?£WX-lt. mi\^-f£ f >t£2&.7i.7* 
h~v?&£kl 4*3&7t7* h-y^eH 7T*M 
jAA,/ctSit^ra-rSo r(DHlT*2^7c7^ h = 
ii Afc^Tbti*), 3&7f7* h->y?t£&l 7 lift 

£41 * s 4 V ^ feffST" n ir * litfctfctfj jffi * tc ft 5 „ 
[0 0 2 5] itz. HHH:2ft5ca5rtfcff»*ix5fc 

7* ^>;/^;i£ B B a fi:7/w<:/K^:y7'&&oTV^r 40 
t^HSU^ &1* Lfc*ft#45®*CHt#l\ #£2 

[0 0 2 6] Sfc, *Jf»KK^t?raHtft5 2^7C® 
h - 5/ * *NI is 2 ft-flttfa Id ft* # ft =¥ ^ 

[0 0 2 7] *^T*{±3^7£7^ h = y*j£iiS$£/< 50 
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[0 0 2 8] imiMt LTHJ60iJtC^-r«t 5 I- 3 
7 * h = V 9 S£ilu 2 * h = y i7 3* H B B> 3 &5E7 

^fCioV^Tt 2^tc7^- h-y^^al±iC3^7c7^ 

h - 5/ * ^ft £ ftKi- 5 xs*s § t> S^ftt leg L v \ 
[0 0 2 9] ^l5^r-fffl^5^7^7./N7^© 

nat3^7t Y-vt&gum^mzMtzihTM 
h - y ^ ^ H B a o7L^jffi^ ibri-3^7c7^- y~y?mgk 
*fe&n\^m&m<ow&*ft'ixi>, ±.\^m£tiz> 

(I ft 2) fc V >5 fflSLtf h 5 0 
[0 0 3 0] 

B B H «^«w^mM^ife0^-r5 o 

[0 0 3 1] 

[0 0 3 2] 4i*S i mfol 8±IC®-?^-A^5tfCj; 

(13 2) . 

[0 0 3 3] figV^^Wfl|«Jtro±t/V7^^^y^ 
lei 0 S i 18 1 t S i 0:18 2 ro£S£SBI 8 £SfS 

i«?fiCftW2^7C^W#lit^»«iiS-C^#^^ IS 
m«b LTgH^1-<i:9ft3^7c)l««^ffM^ti,5 
(0 3) . 

[0 0 3 4] 3 2fe7cS»l»itro±l-S i S8 1 SrPJ IT < 
aB^n--:/^*— KTHir (04) 0 :©s i^8 

^^L, S i 18 1 Icji^TLl 9£fctt % rogp^^^. 
T-^-/US2^7c7d- h = y^g|l 4 (0 
5) . 

[0 0 3 5] r©2^7n7^ h-s/^^ H B B ©±^ 

sa^rx^y^ osb^ n-=y/ia 9 s i/ 
siO:H»8^iit5 (06) . 
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tc7* h-v?t$&mmbmZ-7a-kXX~h<0, 04 £ 

[0 0 3 6] 0LtiflSfiE8lg<D*ERT*>5. :©J;5i 
fESlg-Cli 2^7t7 * h- y >> fa&<D±lC 3 &tc7 * 
h = y 9 &a B a ^Sii 1" 5 IgiSft t> #-< ^ h Tib 5 „ 

[0 0 3 7] if, ^<T>?M\Z.^X2fcjt-7* h-y 
*£iS<z>££?LaJ (JiJfiTLl 9) tfS i SfcliS i Oi 

yy^<ft<9, OaoT^t^^uii 
5 0 

[0 0 3 8] l^mX'fflV^-fTX^/'y^lCj; 
tci"?, BJW?ll 9ldfiS i joitKS i d^lta-fr-f 
^mX&Z 0 

[0 0 3 9] ftffttlHll, K^AWI-S^^yd'SL^O 
[0 0 4 0] 2*7c7^- h = y^fefigBW±|HlK 

t & < ft 5„ t aswft 

^tz 3 &5t7* h-y hZZ 

it V-y?&&*W*f&1rZz\hi)^%tX:tbZ> 0 
[0 0 4 1] M4X3&7t7* h=.y?&£k±\Z&E,t 
o_-^^_ K-C«ig$4x5S i!8 10g±SJ4. 
3&5c:7* h~y ^ h b 0 £15cd±® (03) £|e3C2&x 

D-=v^*-K-C«S-rixtf» 0 3 ^I^C3^5c7^- 
[0 0 4 2] fc»i*&l&t:tf;»Lfc$£Mu HI 5 

wig-c 2 hj i o y y ^ 7 ^ ■< o left d atr i t 

fCft «J % 3i y ^^^li^SnSfllitO^fiia 6 <D 
Wt>*)\Z.m7 (a) 0«t9J-ftS. 
[0 0 4 3] ~<DMXl*6 Ogft^rj^ofc^RH^fe 

^ftttiitc:fto-c^§ 0 

[00 44] 2[h]ScoS5.^ 
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h-ytfe&tiWl&ZtiZZblzteZ (0 7 

(b) ) ; 

[0 0 4 5] C<^jT'li^&i&^#IUi^y^:^#£ 

<js^tLTv>ft^^T'&ofcd\ m^iixmu^cD^ 

y ^ yyK&ZtiXDnft^it^X'h £ < n <b J: o 

i T'^fc © I^a CttMftfc i o T^RI £#ft 5 2 &tc 7 
10 * h-y ?&Mi-t\zMX'ffii<D3dZ7t7* h-y^sHS: 

[0 0 4 6] 

SI'S 2^557^- h-y^ e 1,CD^->#1*ftT^T 
111 My ft V\ 

[oo4 7] mmmi<Djjmx^(D-rti&ffi<'\at> m 

2 co y y 1/7 y ^ ig£ 0 5 co y y^7^ igt-+» 
20 ftffiB^-&»ffiS:fllfitLftltixtffte>ft^ 0 r Como- 
ro ft i @<D^o{&g-a-fr-£T*fc;h42\ r co{im-B-t> 
•frtt»coOTW^T-f4ftv^\ f^Hig^fi^ 
r. i: fe J: 19 OTto J: 5 lcffiB^^t^5Je1"5 r. t h 

»imx'hz> 0 

[0 0 4 8] 0 8*^01 3fcHffimi£43H-5fEKl 
g^1" 0 rcO^J&T-fiGa A sS^g2 0±IC I nGa 
Pi 2 l^G a A si (JfclJGaAs/AlGaA 
s ^#S^#FM#i££fcf± InGaAs/GaAs^ 

30 it±ley y^77-fl:J:oW^^-^ffgu 
Ky^iyf y^lCioTtiaStDG a A s!2 2^2 
^7^- h = y^H%l 4S:f^M1-5 .(0 8) o 
[0 0 4 9] r<D±|cM0*Jl irPC^&T'S i/S i 
O^I#H8OTU3^7t h = 
7«rf^«1-S (09) . ^<DmWL<D 3 Y-y9 
^il 7(D®CD±|et>9-tfcOS illl 8^rl>^N7H 
>7 ? w>'^©atlfS:ffl^-C3S«J#»t5 (010) . 
^(C3i!k7cy^ h^y^^aCO^ScoDflfi^^^oft 
{f^l^feRaiiicftsr kb^Z-btiZAK Sfil 8±lc 

40 TKy -r-^co^^^V^^^^-x^ >i/LTfc< r. i: 

[00 5 0] ttt^TTSffiOG aAsHS20HnGa 
PIC^LTji^tt^foS^y^^^lCfcoT^L 

(011) , SfeCInGaPi2lSr9J©IlHiyf 
v^tioTI»*1-5rt^J;»), 3^tc7^- h=-y 
^g^l 7 ±1^2^557^- b^y^gll 4*S©ofc#| 

fetfrnfuztiz (012) . fc*sit 

50 5) . tl^DJ:5lc:rcD±le@B^ d-= 
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[0051] r^stiiy y #77 4\±\±zv><d-i& 

#1 1 0#£-CI± S ig) t^7^^^y^T?f^fiLJi 
fm^t^V^V^TO^S'Jm^fc^. 0!lx.lfG a A 

^77^/^7 # i: »JB8«* < g * fctm&ig-s: r. i 

[0 0 5 2] Ko-CflliliGaAsl'CI nGaAs/ 
G a A s Slft^FfSit^G a A s /A 1 G a A s i@& 

[0053] fcfc\ :ro^tii2ft%7tMy^g 
b b b # s -f li c [eft P> ti 5 fc 46 l^ttSPfc: 12 g B * □ - 

[0 0 5 4] La»U ^Pfefcb-C7LS©iSv^J:S^te 
[0 0 5 5] 

[mmM3] mmm 1 Rx^mmm 2 t*i±, sisbst^t 

-rsn £ tpJBgT-fco, 2ft7niirto»ftKtrmc:S 

[0 0 5 6] :©i^014fc*t. (iDfcicStei- 
2^7c«»l»Sr^J*1-5Ki-x ^R&2 3%sSltT*J< 
(Ell 4 (a) ) „ :©±l:SE^0-=^l:J:oT 

l±Si*#fl<Di*jfe»ifc;5 (Ull 4 (a) ) . 

[0 0 5 7] -(Dm, m&miom&kwicjiiiczo 

JUKI'S (Hll 4 (b) ) . r<D±|e£t,(c 

3^7c^^ 1 7z<m-fz>k (mi 4 
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[ 0 0 5 8 ] a±(OMMm 1 , 2, 3tli, /^7^^ 

^y^lcj:0ff»i-5ei5»<z>fi-»fc trs i fcias i 

[0 0 5 9] Hlfe^2|C*5V^T2ft7c7* b = S ' 

t LT&oGa A s®&tffi^#F1fi££fflWc^ a: 

[0 0 6 0] #J;tff I nPSKilil nGaAs P/ I 
nGaAs4^©I n P ^S^Ffllii&tf I n Plfefc 

»MWt*#5: t*±e'WT?&*. 2& 

20 [006 1] 

fao^x-fiiu^^^^iitfr tfimmx-h*), 2Hk7cy 
££ft¥&1-5 -5. *3g^(c«tS7^h 

leg 5,^ p--y/!aot, 35S#^MSr^i-5 3& 

30 5t7* h~v2&&i>mt3inz>v>x*. M^ifna7* k 

[m®«Dffi«f&93] 

[mi ] «it*I^t57t h = y^iSSfllitSr^-r 

^m a 

[04] *HMoHt£0ai Visits 7^- h = !/*jKMMf* 

im5] *%w<Dmmmi \z.&nz>7* v-y?t&&m 
^imxu^^-tm^mxh^x, 2&.jt7*y-y? 

[0 6] **W^ffiMllc43lt3 7* h-y^^ B B 0 ^ 

50 ^0Xut»fai0. 
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[07] **Wfc*5tt5i*&»*#ofc:7* h-y?^ 

h - v 9 tarn ufc i tr ©trains imsa. 

ii^XSSr^-r^igT'fcoT, h = y * 

0&tfl$r®0. 

[010] **WoHlfi0il2lC*3»t5 7* b-y9&& 

«j&f^S!xg«:^i-«saa-efcoT, 3^7^- 

0 O 

[011] *«WoH160i2t*JJt5 7^ h^y^jgfi 
[012] «B^O«^!l2[Ciott5 7^ K=y^fefi 
[01 3] *«WO**«2fci3*tS7* h-s/^^B B H 

m&vmim z ^-rm^m xh^x, 2&ot-?*v-v 

9 * J£i&©£flnU: 3 * h = y 9 LfcB# 
O&m0&tf8fr®0 o 
[014] #3SHG>£Jfc0! 3 larSVZ&XfaRXf&Xfa 

[015] P y K«*±lf M 3 * h = y 9 

[016a] Dy^77^ix;,fy^aoT2^ 

[0i6b] 016a (omm±^mm^^mm^rt 
[0i7] m%<Dmm&ftxffim*fi'*tzm&izmmz- 

[018] JfrR«#*-K (IE^d-=^-K) 
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[019] yy/77^iK7^x 7 fy^cJ; 0 ^ 

^i-«^0 o 

[02 0] 2&5c7*h-y9&3,ip\Z.nftt>tl1Z.WLX. 
tt^i5*WftK«it (a) Rtfj&fc»fc.fc53te#JiE» 
(b) &tfftrtS0»£fel££5fiaft#0 3H£!& (c) 

[02 1] 3&4HJK:S:^2&7C7*- h = y^fefiSrS%i" 

io ms;0„ 

[i22]^77'l2^7t h = y^^Si©#iiSr^ 
1-*5tH. 
[^Ol&ljU] 
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